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(54) Variable compression ration mechanism for reciprocating internal combustion engine 



(57) A variable compression ratio mechanism for a 
reciprocating internal combustion engine includes up- 
per and lower links mechanically linking a piston pin of 
a piston to a crankpin, and a control link mechanically 
linking the lower link to an eccentric cam of a control 
shaft. Also provided is a control-shaft actuator capable 
of continuously reducing a compression ratio by driving 
the control shaft in a first rotational direction and of con- 



tinuously increasing the compression ratio by driving the 
control shaft in a second rotational direction opposite to 
the first rotational direction, so that the compression ra- 
tio is controlled to a low value in accordance with an 
increase in engine speed and/or engine load. A distance 
from the center of the control shaft to a centerline of the 
control link, measured with the piston near top dead 
center, is dimensioned so that the distance continuously 
decreases as the compression ratio decreases. 
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£001] The present invention relates to the improve- 
ments of a variable compression ratio mechanism foTa 
rec.procat.ng internal combustion engine. 

BACKGROUND apt 

J0002J in order to vary a compression ratio between 
»e volume existing within the engine cylinder wittthe 

the ™. rt^ 0 ? dead ° enter < BDC > and ^e voTume in 
the cyhnder with the piston at top dead center (TDC?de- 
pendmg upon engine operating conditions such as en- 
gine speed and load, in recent years there have LTn 
proposed and developed mult.pV.ink £e 
•ng Plst on engines. One such mumple-lin? type"a XSe 

^r!^ has "een dLosef in 
E 7 °f ; 71 1 of tne ,s ^e for 1 997 of the paper "MTZ 
Motortechmsche Zeitschrift 58, No 11» The m « 

Tsern r ab,e compression 

58 No 11 * Paper : MTC Motortechnisohe Zeitschrif, 
S^'Jo^^T"^ ° f ^ UPPer " nk ™*hanioa.iy 
cally l.nked to both the upper link and a crankpin of an 
engme crankshaft, a control shaft arranger e TsentiaSv 
parallel to the axis of the crankshaft and^n a ec- 
centnc cam whose axis is eccentric to the a*s oJthp 
control shaft , and a contro| „^™£££ 

linked at one end onto the eccentric cam of the conS 
shaft and linked at the other end to the Zer end °fT e 
upper (ink. By way of rotary motion of the control snai 

via the eccentnc cam, and thus the distance between 
the p.ston p, n and the crankpin also varies. In thfe man 
ner, a compression ratio can be varied. In the recToro 
cat.ng engine with such a multiple-link type S 
compression ratio mechanism, th^ompressL ra t ! 
set at a relatively low vaiue at high LToZ Cto 
avoid undated engine knocking from occumng Con 
versely, at part-load operation, the compression raho is 

:^in a ; e,ative,y hi9n va,ue to enhan <*^ 

SUMMARY OF THE INVENTION 

wHL D T 9 , ° Perati ° n ° f the re <='Procating engine 
wrth the mult.ple.link type variable compression ratio 
mechan,sm, owing to a great piston combustion Sd 

compreas.onpressurejorinemalforc^aloadactsupon 
the eccentnc cam of the control shaft through the Son 
pm, the upper link and the control link. ThaTis, owing to 

ZtTZ r mbUS,i ° n '° ad ' ^ ac * to rotaT the 
control shaft ,n one rotationa. direction. Assuming that 
the magnrtude of torque occurring due to pisZ com 
bushon load is excessively great, a driving forcTneSed 
to dnve the control shaft to a desired angular posl n 



.nc^aseHhfs d? * ** ^ has to " a 

rateo^n detenora tes an energy consumption 

rateofanenergysourcesuchasamotor.lnotherwords 
the energy source (i.e., the motor) has to be large-sied 

ie tor V ' 10 ° rdert ° WithStand ^torque £5E 

mXST f°r bUStit>n ' 0ad ' the diamet er * <he con 9 
trol shaft has to be increased 

j.0004] Depending on engine/vehicle operating condi 

» h oh 8 ', T^ 9 fr ° m 3 Part - ,0ad °P«*g mode To a 
high-load operating mode frequently occurs Durino 
sw.tch.ng from part-load operation to high-load opera 
fon, the compression ratio is variably controlled It Ztow 
compression ratio suitable to high-Ld operafion As 
« WoTs'S^ T CNn9 ,r ° m hi9h * 'owcompSsion ra 
For thf k P ' eng ' ne kn ° Ckin9 ma * occur undes,rabX 
2L h f < ° Ve reaSOn ' il iS desirab,e to rapidly execute 
swltchmg from high to low compression ra'o ' 

Provide a vari^'* " * " ^ °' the inven «on to 
» ZZZt compression ratio mechanism for a 

orsuTp UTes IT" - ^ Which 

or suppresses the maximum value of torque actino „nnn 
a cont rol shaft owing to piston combust^ toad f ? m ex 

rOOOeT \T~V° dUrin9 ° Perati0n of t^ engine 
25 Ef? 11 ,sanoth or object of the invention to enhance 

s^nT° nSe t0 SWttCh ,r ° m 3 co "trol-shaft angular po 
srt.on corresponding to a high compression rata sufta 
bte for part-load operation to a control-shaft a ngu,ar po 
TZTT nd,n9 10 3 ' 0W Session ratSabte 

- ^tn^2 P r UOn " 3 Variab ' S rale 
mechanism for a recprocating internal combustion en- 

the e ngme and havjng a pjston 8 stroke m 

chang.ng recprocating motion of the piston into rotatino 
^ haVin9 8 Crankpin - the variable comp ess o! 

SnSoZ C °T PriSeS 3 P ' Ura,ity ° f « inks ssr 
2iS h P ' St0n P '" n 10 ,ne crank P in . a contro, 
shaft extendmg parallel to an axis of the crankshaft «n 

« 'emerStr t0 thS COntro1 ^2." 

^cYnl S h«T entriC ^ iS eCC6ntr,c t0 a ca nter o 3 
the control shaft, a control link connected at a first end 

tooneof the plurality of links and connected at a second 

trol shaft within a predetermined controlled analr 
« range and holds the control shaft at a deseed anou Lr 
posrt,on so that a compression ratio of Z enoZ con 
.nuousiy reduces by driving the oonJiSTX 
rotamnal direction when at least one of enginrspeed 
and eng,ne load changes from a first value to a second 
* va.ue h.gher than the first value and so that fhe^o" 

tm l shan in a second rotational direction opposite to the 
f-rst rotafona. direction when the at least o^e ofenglne 
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speed and engine load changes from the second value 
to the first value, and a distance from the center of the 
control shaft to a centerline of the control link passing 
through both a connecting point of the first end and a 
connecting point of the second end, measured with the 
piston near top dead center, being dimensioned so that 
the distance continuously decreases as the compres- 
sion ratio decreases. 

[0008] The other objects and features of this invention 
will become understood from the following description 
with reference to the accompanying drawings. 



Figs. 9A and 9B respectively show a side view and 
a cross section of the essential part of the variable 
compression ratio mechanism of the first compara- 
tive example. 

5 Figs. 10A and 10B respectively show a side view 

and a cross section of the essential part of the var- 
iable compression ratio mechanism of the second 
comparative example. 

10 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

Fig. 1 is an assembled view showing a first embod- 
iment of a multiple-link type variable compression 
ratio mechanism for a reciprocating engine, near 
) TDC in a state that the compression ratio is control- 
led to the highest compression ratio. 
Fig. 2 is an assembled view showing the multiple- 
link type variable compression ratio mechanism of 
the first embodiment, near TDC in a state that the 
compression ratio is controlled to the lowest com- 
pression ratio. 

Fig. 3 is a predetermined characteristic map show- 
ing the relationship among engine speed, engine 
load, and a compression ratio denoted by the Greek 
letter e (epsilon). 

Fig. 4 shows a characteristic curve illustrating the 
relationship between a link load F acting upon an 
eccentric cam of a control shaft through a control 
link (or an engine compression load) and an arm 
length AD of torque (or an angle a between the cen- 
terline of the control link and the eccentric direction 
of the center of the eccentric cam to the axis of the 
control shaft), in each of the variable compression 
v ratio mechanism of the embodiment and a variable 
' compression ratio mechanism of a comparative ex- 
ample. 

Fig. 5 is an enlarged view showing the essential part 
of the variable compression ratio mechanism of the 
first embodiment and used to explain the operation 
of the same. 

Fig. 6 is an assembled view showing a second em- 
bodiment of a multiple-link type variable compres- 
sion ratio mechanism for a reciprocating engine, 
near TDC in a state that the compression ratio is 
controlled to the highest compression ratio. 
Figs. 7A and 7B respectively show a side view and 
a cross section of the essential part of a variable 
compression ratio mechanism of a third embodi- 
ment. 

Figs. 8A and 8B respectively show a side view and 
a cross section of the essential part of a variable 
compression ratio mechanism of a fourth embodi- 
ment. 



[0010] Referring now to the drawings, particularly to 
Fig. 1 , a cylinder block 11 includes engine cylinders 12, 
each consisting of a cylindrical design featuring a 
smoothly finished inner wall that forms a combustion 
chamber in combination with a piston 14 and a cylinder 
head (not shown). A water Jacket 13 is formed in the 
cylinder block in such a manner as to surround each en- 
gine cylinder. Cylinder 12 serves as a guide for recipro- 
cating motion of piston 1 4. A piston pin 1 5 of each of the 
pistons and a crankpin 17 of an engine crankshaft 16 
are mechanically linked to each other by means of a 
multiple-link type variable compression ratio mecha- 
nism (or a multiple-link type piston crank mechanism). 
In Figs. 1 and 2, reference sign 18 denotes a counter- 
weight. The linkage of the multiple-link type variable 
compression ratio mechanism is comprised of three 
links, namely a lower link 21, a rod-shaped upper link 
22, and a control link 25. Lower link 21 is fitted onto the 
outer periphery of crankpin 1 7 in a manner so as to per- 
mit relative rotation of lower link 21 tocrankpin17. Upper 
link 22 is provided to mechanically link the lower link 
therevia to the piston pin. In order to vary the attitude of 
each of lower link 2 1 and upper link 22, the variable com- 
pression ratio mechanism of the embodiment also in- 
cludes a control shaft 23 extending parallel to the axis 
of crankshaft 1 6, that is, arranged in a direction parallel 
to the cylinder row, and an eccentric cam 24 attached 
to the control shaft so that the center of eccentric cam 
24 is eccentric to the center of control shaft 23. Eccentric 
cam 24 and lower link 21 are mechanically linked to 
each other through control link 25. An actuator 30 (drive 
means) is provided to rotate or drive control shaft 23 
within a predetermined controlled angular range and to 
hold the control shaft at a desired angular position. The 
upper end portion of rod-shaped upper link 22 is linked 
to piston pin 15 in a manner so as to permit relative ro- 
tation of upper link 22 to piston pin 15. The lower end 
portion of rod-shaped upper link 22 is linked or pin-con- 
nected to lower link 21 by way of a connecting pin 26, 
in a manner so as to permit relative rotation of upper link 
22 to lower link 21 . One end (the upper end) of control 
link 25 is linked or pin-connected to lower link 21 by way 
of a connecting pin 27, for relative rotation. The other 
end (the lower end) of control link 25 is rotatably fitted 
onto the outer periphery of eccentric cam 24 for relative 
rotation of control link 25 to eccentric cam 24. Actuator 
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30 includes a reciprocating block slider (or a reciprocat 

ZTcZfr^f reCiPr0Cat6S a " — torSng 3 
T member 34 havin 9 an inter "al screw- 
threaded port,on engaged with an external screw 
hreaded portion 33 constructing the rear en potfonof 
S2? 9 ° Ck S " der 32 ,n res P° nse '» centre 

can be rotet J n H (n0t Sh ° Wn) ' Cy,indncal mem t»er 34 
can be rotated or dnven about its axis by means of « 

oZl r T° e SUCh 38 an 6lectric <™or or a hydrau ic 
pump. The control signal value of the ECU is depended 

andS'p 6 ° Peratin9 C ° nditi0ns sucn as «*5 speed 
and ioa d . Reciprocating b|ock s( . arranged!, a 

*rect.on normal to the axis of control shaft 2 I "such a 

2. £SS? IT* Cylindrfca ' memba ' 34, oc- 
,n th. e ' y ' When c y |ind ^al member 34 is driven 

m he opposite rotational direction in response to a con 

mentofrecprocatingblockslider32 occurs InthtemTr 
gagement between the internal thread of clinical 

ssss s d ^ ext r' thread 33 ° f ^sss 

Z,* 8 ' and 80 tha t notary motion of cylindrical 
Z£ ? k1 C ° nVerted int0 Seating motion ofT 
S t,n9b,MkS,ider32 - ,n t"fe manner the cTnte^ 
osd.lat.ng motion of control link 25 mted onto e^ e ntn° 

S ( na C on? n ' Var ' ed * ^ COntrol ^de- 
pending on engine operating conditions As a result of 

th« the attitude* each of upper and .oweXj a „d 

chambe^ C ° mpressio " ™*> of the combusuon 
uoTl ' S> 8 com P res *on ratio between the vol- 

and ^ 7 Within ^ the piston at BDC 

and the vo.ume in the cylinder with the piston a TDC 
can be vanab V controlted depending upon enql oo 
orating conditions. In the shown embodiment Spro" 

Sng 2 I'lt, 32 " 0 ^ f °™ rds » d --rd 
tyiewmg Fig. 1) and thus control shaft 23 rotates in a 

clockwise direction co, the compression ratio can be con 

tmuously reduced. Incontrast. reciprocating 
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32 moves backwards or upwards (viewing Fig 1) and 
thus control shaft 23 rotates in a counterclocL se di 
region opposite to the direction a>, the compost Trl 
can be continuously increased 
5 S2I2- "ow to Fig. 3 , there is shown the pre- 

determmed or preprogrammed characteristic mln 
showing how the compression ratio denoted oyZ 
Greek letter e (epsilon) varies relative both enoine sLpH 

map of Fig. 3 , (n a high-speed high-load ranae the mm 
pression ratio is set to a relatively lower vatufman fl 
0 oeed P r d , ,OW ; ,Oad ran9S othe" wo^s in he a o W 
KEJTEE ' com P res -on ratio is set to a 
aloe ih X V3lUe th3n the high-load 

- fa l coir Previous,y - dis °"*e° multip,e-.ink ty P e 
vanable compress.on ratio mechanism of the emhnrt, 

l e ::' t f t(>nPin15andCrankshaft16 -e ^TelZ 

»hks 22 and 21. Therefore, the linkage of the varishi^ 
compression ratio mechanism of the embodimlf 
25 !«,y simple. A-so, control .ink 25 ,s connected I 
*a tower l,nk instead of connecting to the £2!? 

Sh™ , 

ro ST, ^ hS f 9ine Wtth com P^ativety ease 
So mih Th6mU f ,tip,e - ,inkt yP e ^riablecompreiion ra- 

ovTa shZ in'? *? emb ° diment °P erales • ' 3- 
55 mt,i „ 9S - 1 and 2 ' when combustion load 

ton ( I P f Ufe ° f combus «on gas) acts upon the pTs 
on crown of piston 14 and thus a load F2 fe exe^d 
through upper link 22 to lower link 21 a linkl!* r 
exerted through .ower .ink to conS k 26 so Z Hnk 

center 24c of eccentric cam 24 to the center ?<*o„, 
5 G trol Qhoff ooi. j , . 4 " cenier Z3C of con- 

ZZ , Sd fr ° m the 0auation T = F^sexH 
55 ff* ° na " y - assumi "9 l "«t the distance from Reenter 
« 23c of control shaft 23 to the contro.-shaft cTnteZ m 

«onr! d H b ^'Sr ceAD ^ 
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sponds to the arm length of torque T created by link load 
F. On the assumption that link load F (or combustion 
load F1) is the same, the longer the distance AD, the 
greater the torque T. In other words, the larger the angle 
a 90 degrees) between the control-link center line L1 
and the line L2 indicative of the eccentric direction of 
center 24c of eccentric cam 24 to center 23c of control 
shaft 23, the greater the torque T. Combustion load F1 
(or link load F) becomes maximum with the piston near 
or at TDC. Therefore, as appreciated from the charac- 
teristic curve indicated by the solid line in Fig. 4, in the 
multiple-link type variable compression ratio mecha- 
nism of the first embodiment, distance (arm length) AD 
is dimensioned or set so that distance AD continuously 
decreases as link load F increases. That is, distance AD 
continuously decreases as compression ratio e de- 
creases. In other words, angle a between the two lines 
L1 and L2 continuously increases as compression ratio 
e increases. By way of proper setting of the distance AD, 
Q Jthe distance AD (that is, the arm length of torque T cre- 
ated by link load F) tends to reduce when the maximum 
combustion load F1 (or the maximum link load F) creat- 
ed at or near TDC increases owing to an increase in 
engine load or engine speed. Thus, it is possible to sup- 
press the torque-fluctuation width of torque T fluctuating 
due to switching between high and low compression ra- 
tios. That is to say, during operation of the engine, the 
magnitude of torque T can be leveled or smoothed. As 
a result, it is possible to down-size the actuator 30 for 
control shaft 23. This contributes to down-sizing of the 
engine itself, improved fuel economy, improved energy 
efficiency ratio, and down-sizing of control shaft 23. Fur- 
thermore, in the variable compression ratio mechanism 
of the first embodiment, as best seen in Fig. 5, a direc- 
tion of one force component F co , (equal to F-cos e and 
acting in the direction of line L3) of link load F which load 
F acts on eccentric cam 24 via control link 25 and is cre- 
ated owing to the combustion load at or near TDC, is 

aet to be the same direction as the rotational direction 
>to the low compression ratio. That is, the direction of 
action of torque T with the piston at or near TDC is set 
- - to be the same direction as the rotational direction u> to 
the low compression ratio. When shifting to high-load 
operation having a possibility of knocking, in other 
words, when rotating control shaft 23 toward the low 
compression-ratio side, rotational motion of control 
shaft 23 toward the low com press ion -ratio side can be 
assisted by torque T. Th is highly enhances the response 
to switch from the angular position of control shaft 23 to 
a control-shaft angular position corresponding to the low 
compression ratio suitable for the high-load operation. 
Therefore, the occurrence of engine knocking can be 
certainly prevented, thus enhancing the combustion sta- 
bility. In more detail, in a low-speed low-load range in 
which the piston combustion load F1 is relatively small, 
there is a tendency for the response to switching be- 
tween low and high compression ratios to be lowered. 
In such a low-speed low-load range, the compression 



ratio is set to the highest compression ratio (see Fig. 1). 
Due to setting to the highest compression ratio, the arm 
length AD of torque T is also set at the longest distance 
(substantially corresponding to eccentricity H) near 
5 TDC. In other words, the angle a between the two lines 
L1 and L2 is set at the maximum angle, i.e., substantially 
90 degrees near TDC (see Fig. 4), and therefore the 
torque value of torque T develops up to the maximum 
torque level. Owing to the maximum torque value, 

10 switching from high to low compression ratio can be 
smoothly achieved. In contrast to the above, as appre- 
ciated from the characteristic curve indicated by the bro- 
ken line in Fig. 4, in the multiple-link type variable com- 
pression ratio mechanism of the comparative example, 

15 distance (arm length) AD is set so that distance AD is 
maximum at the medium compression ratio and relative- 
ly smaller at high and low compression ratios. The arm 
length AD obtained at the high compression ratio is 
shorter than that obtained at the medium compression 

20 ratio. During the early stages of switching from high to 
low compression ratio, the switching operation cannot 
be smoothly achieved, because of the relatively smaller 
torque T corresponding to the high compression ratio. 
Depending on engine/vehicle operating conditions, 

25 switching of the engine operating mode from the low- 
speed low-load range to the medium-speed medium- 
load range frequently occurs. When shifting from the 
low-speed low-load range to the medium-speed medi- 
um-load range, in other words, when control shaft 23 is 

30 driven or adjusted from a first angular position corre- 
sponding to a high compression ratio to a second angu- 
lar position corresponding to a desired medium com- 
pression ratio, rotary motion of control shaft 23 must be 
stopped rapidly as soon as the control shaft approaches 

35 to the desired medium compression ratio. For this pur- 
pose, a counter driving force has to be applied to control 
shaft 23 by means of actuator 30 so as to exert a braking 
torque to the control shaft. In this case, according to the 
variable compression ratio mechanism of the embodi- 

40 ment, the ami length AD obtained at the medium com- 
pression ratio is set to be relatively shorter than that ob- 
tained at the high compression ratio. The torque T acting 
on control shaft 23 in the rotational direction u> to the low 
compression -ratio side can be properly reduced during 

45 shifting from high to medium compression ratio, thus ef- 
fectively suppressing or reducing the previously-noted 
counter driving force. This improves the energy con- 
sumption rate. Moreover, In the high-speed high-load 
range in which the magnitude of link load F imparted 

50 through control link 25 to control shaft 23 becomes max- 
imum, the engine compression ratio is set at the lowest 
compression ratio (see Fig. 3). At the lowest compres- 
sion ratio, arm length AD of torque T becomes the short- 
est length. As a result of this, it is possible to effectively 

55 properly suppress a driving force that drives or rotates 
control shaft 23 to the high compression-ratio side 
against torque T, and/or a holding power that holds set* 
ting of the engine compression ratio to the lowest com- 
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pressionratiocanbeeffectively suppressed orreduced 

torn * m ** a " ,sm °< »» wcomi , mbM B 
'mem, thus , In. 5ame re(ere „ c0 " 

mg | reference s.gns used in the mechanism of the sec 
ond embodiment shown in Ra e t nr *h7 

slit 37 of control plate 36 and line L5 indicative of thl 

• pnwOTransminsl.n mec „, nlsm m ,,^"°" « 

thTr!! ' ™ US ' rt ,s poss,ble t0 remarkably enhance 

oil passage layout used in the variable ™»« ■ * 
«o mechanism of the •JZS££gT£ 
8B show the good lubricating-oi, passage loused 



EP1 197 647 A2 



10 



ourth emh . COm e ressio " ««o mechanism of the 
fourth embodiment. On the other hand, Figs 9A and 9B 

variable 6 POOr,ubrica «n g -o.l passage teyout used n the 
vanable compression ratio mechanism of the first com 
para ive example. Figs. 10A and 10B show fteooor £ 
bncatrng-oil passage layout used in tneTariSS^" 
pression ratio mechanism of the ^"CX 

[0017] As shown in Fias 7 a iad 
*o 23 nnclnrtin rt ^ ! 9 ' 10B ' the control shaft 

oJlb^ r ' Catin9 PSSSa9e P0rti0n 41 opened tiTr^t 
in . . ' ' "'y &urT ace^5a. Asshownin Fias qa or 

SS!S= 

tS.. F '°' n,h8viewN '™« s< ' ls< »' s «'''«>«>™ mn. 
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bodiments, as viewed from the lateral cross section 
shown in Figs. 7B or 8B, outlet port 43 of second oil- 
lubricating passage portion 41 is laid out in such a man- 
ner as to be spaced apart from each of two intersection 
points of the circumference of eccentric cam 24 and con- 
trol-link centerline L1 or apart from the vicinity of each 
of the two intersection points. Concretely, outlet port 43 
is laid out at or nearby a position of outer peripheral sur- 
face 24a of eccentric cam 24 that crosses a line passing 
through eccentric-cam center 24c and arranged perpen- 
dicular to control-link centerline L1 , so that the distance 
from outlet port 43 to control-link centerline L1 is sub- 
stantially maximum. In the third embodiment shown in 
Figs. 7A and 7B, only one second lubricating-oil pas- 
sage portion 41 is formed in each of eccentric cams 24 
and therefore outlet port 43 is arranged on one side of 
control-link centerline L1. In the fourth embodiment 
shown in Figs. 8A and 8B, two second lubricating-oil 
_ passage portions (41 , 41) are formed in each of eccen- 
C )iric cams 24 and therefore two outlet ports (43, 43) are 
respectively arranged on both sides of control-link cen- 
terline L1 so that these outlet ports (43, 43) are diamet- 
rically opposed to each other with respect to the center 
(or axis) of eccentric cam 24. Owing to the good lubri- 
cating-oil passage layout, in particular owing to the good 
layout of outlet port 43 of second lubricating-oil passage 
portion 41 , it is possible to provide sufficient lubrication 
of the shaft journal portion of eccentric cam 24 and suf- 
ficient lubrication of the bearing portion of control link 25 
by way of lubricating oil supplied or discharged into the 
middle-pressure area through outlet port 43 of second 
lubricating-oil passage portion 41 , without lowering the 
pressure-receiving surface. 

[0019] The entire contents of Japanese Patent Appli- 
cation No. P2000-311562 (filed October 12, 2000) is in- 
corporated herein by reference. 

[0020] While the foregoing is a description of the pre- 
ferred embodiments carried out the invention, it will be 

Understood that the invention is not limited to the partic- 
lar embodiments shown and described herein, but that 
various changes and modifications may be made with- 
out departing from the scope or spirit of this invention 
as defined by the following claims. 



of the crankshaft (16); 

an eccentric cam (24) attached to the control 
shaft (23) so that a center of the eccentric cam 
is eccentric to a center of the control shaft (23); 
5 a control link (25) connected at a first end to 

one of the plurality of links (21 , 22) and con- 
nected at a second end to the eccentric cam 
(24); 

an actuator (30) that drives the control shaft 

10 (23) within a predetermined controlled angular 

range and holds the control shaft (23) at a de- 
sired angular position so that a compression ra- 
tio of the engine continuously reduces by driv- 
ing the control shaft (23) in a first rotational di- 

15 rection (o>) when at least one of engine speed 

and engine load changes from a first value to a 
second value relatively higher than the first val- 
ue and so that the compression ratio continu- 
ously increases by driving the control shaft (23) 

20 jn a second rotational direction opposite to the 

first rotational direction when the at least one 
of engine speed and engine load changes from 
the second value to the first value; and 
a distance (AD) from the center (23c) of the con- 

25 trol shaft (23) to a centerline (L1 ) of the control 

link passing through both a connecting point of 
the first end and a connecting point of the sec- 
ond end, measured with the piston near top 
dead center, being dimensioned so thatthe dis- 

30 tance (AD) continuously decreases as the com- 

pression ratio decreases. 

2. The variable compression ratio mechanism as 
claimed in claim 1 , wherein a direction of one force 

35 component (F lo ) of a load (F) acting on the eccentric 
cam (24) via the control link (25) owing to combus- 
tion load acting on the piston near the top dead cent- 
er, is set to be identical to the first rotational direc- 
tion, the one force component (F w ) acting in a direc- 

40 tion of a line (L3) perpendicular to a line (L2) indic- 
ative of an eccentric direction of the center (24c) of 
the eccentric cam (24) to the center (23c) of the con- 
trol shaft (23). 



Claims 



A variable compression ratio mechanism for a re- 
ciprocating internal combustion engine including a 
piston (1 4) moveable through a stroke in the engine 
and having a piston pin (15) and a crankshaft (16) 
changing reciprocating motion of the piston into ro- 
tating motion and having a crankpin (17), the vari- 
able compression ratio mechanism comprising: 

a plurality of links (21 , 22) mechanically linking 

the piston pin (15) to the crankpin (17); 

a control shaft (23) extending parallel to an axis 



^5 3. The variable compression ratio mechanism as 
claimed In claim 2, wherein an angle (a) between 
the centerline (L1) of the control link (25) and the 
line (L2) indicative of the eccentric direction is set 
to be substantially 90 degrees with the piston near 

so the top dead center in a state where the compres- 
sion ratio is set at a highest compression ratio. 

4. The variable compression ratio mechanism as 
claimed in claims 2 or 3, wherein the distance (AD) 
55 from the center (23c) of the control shaft (23) to the 
centerline (L1) of the control link (25) is set to be 
substantially 0 with the piston near the top dead 
center in a state where the compression ratio is set 
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at a lowest compression ratio. 

5 ' 2l2 rmb,e com P ressi °" ratio mechanism as 
llXTZr ° f Precedi "9c.aims, whereTnth 
Plurality of links comprises an upper link (22) ron 

(21) through the control link (25). 

Sfmed^n C ° mpressi0 " ™* —nanism as 
aSor S5J ° f PreCeC " n9 C ' aims ' the 

(37) formed at its shaft end, and a line ( LMinZt 
of a longitudina. direction of the s U37)t s l , Z* 

Preston ratio is set at a highest compre Jon rat" 
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The vanable compression ratio mechanism as 
claimed in claim 8, wherein the outlet port (43) is 
"aid out at or nearby a position of the outer perioh 
era, surface (24a) of the eccentric cam (24) Sat" 
crosses a line passing through the center V^o 
he eccentric cam (24) and arranged peme dfcu,a 
to thecenterline (L1) of the control link S)toZ 
a distance from the outlet port (43) to the Tente Jne 
(LI) of the control link (25) is substantially mavi 

es?cr P ^orr ess,on ratio * set at the 

The variable compression ratio mechanism as 
corned ,n claim 9, wherein two second lubr.S ina 
ori passage portions ( 41 , 41) are formed" 2 
centric cam (24) and two outlet ports (43 43> Z 

X (43 S 'are ' J ^ S ° »* tW ° ™«« 
° (43, 43) are diametrically opposed to M r-h 

other with respect to the center (2^ofSe ecc e „ 
trie cam (24). ' eccen- 
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r The variable compression ratio mechanism . 

Selnat^f ° ,earanCe Spac ° °^ ^d bl 
^een a beanng surface e- 

ng S£ ^ 2 1a) 9 o , f n tH ,idin9 - COntaCt With the « 
«y *>urrace (25a) of the control link (25) anH th. 

The variable compression ratio mechanism « 

sage (40, 41) comprises a first lubricatlnn-mi 
sage portion (40) formed in the comS sha! S 

i ; rorrned in the eccentric cam (24) and ^vtL^s 
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(54) Variable compression ration mechanisn 

(57) A variable compression ratio mechanism for a 
reciprocating internal combustion engine includes up- 
per and lower links mechanically linking a piston pin of 
a piston to a crankpin, and a control link mechanically 
linking the lower link to an eccentric cam of a control 
shaft. Also provided is a control-shaft actuator capable 
of continuously reducing a compression ratio by driving 
the control shaft in a first rotational direction and of con- 
tinuously increasing the compression ratio by driving the 

a;ontrol shaft in a second rotational direction opposite to 
he first rotational direction, so that the compression ra- 
tio is controlled to a low value in accordance with an 
increase in engine speed and/or engine load. A distance 
from the center of the control shaft to a centerline of the 
control link, measured with the piston near top dead 
center, is dimensioned so that the distance continuously 
decreases as the compression ratio decreases. 



CO 
< 

to 



FIG.1 



(COMBUSTION LOAD) 




Q. 
Ill 



Printed by Jouve, 75001 PARIS (FR) 



OCCID: <EP 11Q7647A3_L> 



EP 1 197 647 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 4443 



8 




X : particularly retevani If taken alone 

fcasaeaaar 

Prlmarmediate document 



E • USSS SE!: C j£!f un ***ng the Invention 

P. ( 225V ment «*ed in the appficatton 
L - oocumem cteo for oineTnjSona 

4 



' S0OC,I > <HP_1197647A3J_> 



2 



EP 1 197 647 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 4443 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is In no way iable for these particulars which are merely given for Ihe purpose of Information. 

22-04-2003 



O 



o 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 2390558 
US 4538557 



A 
A 



11-12-1945 NONE 



03-09-1985 NONE 



uj For more details about this annex : eee Official Journal of the European Patent Office, No. 12/82 



OOCID: <EP 1197647A3J_> 



3 




o 



